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MAN-MACHINE  COMMAND-CONTROL-COMMUNICATION 
SIMULATION  STUDIES  IN  THE  AIR  FORCE 

DONALD  A.  TOPMILLER 
Wright-Patterson  Air  Force  Base 

t UM.  I'nl  iV.i'  muiy  of  Ur.'  Air  Torco  aorc.n.iuLiiMl  w.-a- 
v.H'ch  t'avo  lo.v.l  on  ,i  cJi'Vl'Iq.aU  ia 

tho  I'.u'Ly  .sys an-  ocTsiiraLivcly  r.i,''.-.’  i.V.'  ri) 

anU.  have  primri  ly  blo:;;-,cT.y\l  in  liir'.’f'!'  prc;ori-ion  to  i.:tTiuut;or 
.'•A'ionrro  i'.iriy  hirun  i npiir-’orinq  offort-;  v.t'7-o  at!d- 

ri7Srctt  Lo  aeronautical  encjin''t'rin'i  probU.-irs,  airemft  control  .ind 
rafety  (aJ  ti;roto»‘  utudie;:) , v.l'.et"  the  hurun  cj.v-rator  ipilot  ) con- 
tribuU.xl  s i ijn i C i cantly  to  nyut''.n  txTfoiT'anco.  SLneo  minty  of 
fliqht  wau  so  (rro-T.iinont  in  early  cit-jlncoring  endoat-cr;;  for 
dosi<jninq  and  tostii'.g  ■ ■ the  fvin-nr.oh i no  c'C?re\itihi  1 ity  pro- 
blem;; w'rc  "rovxjhly  ci  by  aeron.aut  ical  dosiyrors  bataxl 

r.Lxrn  Uioir  intuitive  kno.  tie  of  I'.iru’.n  ;>'r for:;-. ir.ee.  liuit.in  ctiCji- 
noering,  a;;  a discipline,  dovi’lo[,<xi,  nurtured  ,\ivl  thr'i'e'd  o.n 
mkinq  U'.eco  "lOit  engine er-'d"  deuiijnr.  more  e:ficir-at  ar.d  s.ife 
tlirough  kncevlrdge  and  dat.i  of  lain's  p'rfor-.ince  lities. 

On  tire  other  Kind,  nyob -rt:,  at  Ica.nt.  c.irputerix.ej  u?r- 
sior.s,  l-uvo  only  a 2:1-30  yo.ir  hii'.tory.  I-\iither,  witli  the  adotnt 
and  devclots-.i-nt  of  cx-nitJUler;;  to  proc-i -s.s  Uie  infoimution  in  the.'xn 
systejTu;,  tile  function;:  fmrfortii.'d  l>x;am'  uniquely  I'loro  "inlelle'C- 
tivo",  in  an  a.nalc*;ous  sen.te,  to  liuimin  functions.  Data  .are  input 
to  tlio  ccjrjjuU-rs  {i>.'n;tcd) , stored  (iHL'::»5ty) , proct'sstx}  (on  ii loin 
solving),  etc.  Tills  evolution  of  C"  sy;;t>Tt;  and  the  sister  tech- 
nology of  ermp-utor  scicnof  w.is  prone  to  a greater  proti.-n.;!:*.'/  to 
l:e  "gut  engii>.''rt'd"  or  to  "brigiit  ide.i"  engineering  LKui  even 
.noroiiautical  't/stiins.  Also,  op'rational  [xrrsonn.al  constantly 
-Strove  for  bigger  <'u:d  fa;;U'r  ootvuters  to  minimizo  c^’clc  .md 
pr.x'cssing  tim.'s  witliout  gryxi  evidenoj  t!i<it  the  advant.'.gos  to  be 


~ n 

1 ' ; 

3 <977 

ULLbliH’ 

ill  u ilI 

Jil 

D 


PlgnUBUTION  STATLMEOT  A 

Approved  for  public  reloaso; 
Distribution  UnlLrr.itod 


in  nysUm  t Cic'Ctivonon:;  wnmuitf'd  the  cxix’ii5.os.  TIk? 

n-ilurnl  nsiUir.qjt  ion  ir.  tlut  nt>ro  r.ipitlly  reus'd  iunl  procesr^'d  diLa 

can  >«■  u.-'.<d  mrxst  of f uctiwly  by  ojx'ralors  and  cx^mvijidcrs  in  tJio 

liold  cnvironiTX'nt  withovit  takinq  into  account  the  hiuivui's  tcr- 

cx’tkinl,  intell<x-tiv\>  and  infonaiLion  pnxx'ssimj  coniotibili ty 

v;itli  the  ca;i{jutcr.  Therefore,  v.i'  find  now  syntrair.  innistincj 

on  2.‘j  see.  oyclo  tiix>  of  radar  history  wiUio'ut  cjcxxl  ovid'cnco  tliat 

this  hardvard/rtjft'.varc  cofxibility  can  be  cf foctiroly  usrxJ. 

i.O  Maii-t’i'i’i'.xif.";  ivn  Iki'i'.'.' S < i.vi  Caivjt;  / (';  f i • J . Kollwire^ 

--  . ^ ^ 

is  a listing  of  hirnm  iivfomition  protx-ssinn  caixibi  1 ities  aixi  ' 

linitaiions  publi.'h'.xl  in  a Honeywell  dxom'nt  (i;!297-KK)  ontitl'xl, 

Inforrut  ion  ITofessini  Frejn-.-ork  for  'Vin/Gxi-puti t Interaction: 1\ 

Ifrxyjaieh  Ft'.,ir!y,  w'lich  defines  curn'iit  state-of-(  ho-art  rescaich 

issues.  I 

» Kin  lia.~  C'.xten.s i ve  heuristic  infornution-proex'ssing 

cajxibil  ities  v.hich  raruiot  lo  duplicatcxl  by  mchine; 

lie  is  able  to  at)j>ly  cre.itive  solutions  to  unique  i 

probU'jius  a:id  to  el  Lniinate  largo  lutrj  ers  of  alter- 

nativi'S  during  the  solution  proces.s  (i.e.,  ran  | 

is  adaptable)  . lhc>  ca.vuter  c.:n  be  us.xl  to  j 

.search  and  letrievi'  infoniut  ion  baa.xd  on  min'r.  I 

direvtion  a.nd  cjuidanco.  Due  to  ito  great  j 

igx'txl  of  caltralation,  the  ecTTiiiuter  c.in  bc'  an  : 

aid  oven  when  trial  and  error  ray  be  the  only  way  j 

to  proceed. 

i 

>•  Min'.s  pmbkmolving  process  apix  ars  to  contain  a ; 

r.u’.dcm  I'luTi-nt  whicli  en.il.)h-'.s  him  to  atlivii|)t  solu-  ] 

tionu  v.hich  i,.iy  mt  lo  a direct  n.'sult  of  s.landud  j 

rulo-fol  Irwi.'iq  prtKxxlar'T;;  he  is  ;Uj1c  to  inixivato  j 

.•L’ul,  tiiii’;,  ruy  arrive  at  enprixlictahlc  liu!  .sue-  j 

ct'ssful,  ri  s.ults.  Ttie  rxxqiuti'r  crmld  b-  u;v.xl  j 

as  a jvir'n'r  in  th.is  "id-ation"  activity,  by  1 

reoxrdiiig  i.iii's  eutpul  and  porviding  a inxliim  j 

! 
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for  itKj  in'vol  r<-\.it  ionr.hips. 

Min  fi-.iiiin-K  n (int.iin  niiniiiai;:!  o.ux’j;!.  of  tino  in 
w!iu'!i  lo  i-onsolufiti'  liis  Hioujiit;;  (i.o.,  pnfonn 
oamli'X  pn.x'i-n.sinn) ; flu;;  tint’'  is  n\jUir<xi  pi  i- 
nvirily  for  tlH'  tr.iiisfor  of  info'-n'.tion  b'Uvi.'on 
slrart-  .ir.J  loiKj-foim  nsnui'i'  sLoros  aixi  for 
jsixx-iuLincj  tJio  infoniuliion  wiLii  tli>'  Uink  at 
hanJ.  A nvin/conpulx-r  sysLcjn  orqan i nrti  on  tho 
principlo  of  rx-jiiory-fo-m 'nor/  ci-srniniratioii 
should  iiK’roa;3o  tho  efficiency  of  this  consoli- 
(tition  and  asaoci.ition  pnx:o;4s. 

Mm  uses  di;finablo  stratcxjios  in  his  infomution- 
processiixj  activities;  these  st_i;att\]ies  vary  in 
their  rat ioirtlity  .md  effectiveness;  nun's  stra- 
tegics nviy  reflect  mtna  basic  oognitive  stylo 
which  is  chiracteristic  of  ;m  individu.il 's 
appraxich  to  a problun  rog.ardloss  of  bisk  specifics; 
sane  strab-gies,  hoi%cwr,  .iro  iro.lific.iiilo  by 
training  or  [xirforruncc  aids.  In  a c-omfiuter- 
based  systciii  where  .such  idiosyi'cracies  form  part 
of  tile  data  h-ise,  different  cognitive  st-'/los  ;.ould 
not  necessarily  limit  or  handioip  perforrmnee. 

The  less  efficient  str.ategios  appear  to  place  a 
greater  strain  on  hinr.in  nomry,  and  this  aauld 
be  allev'iated  by  oomfiuter-aiding. 

Man’s  pcrfomance  apixurs  to  suffer  wh.cn  he  is 
roquirixl  to  perform  sovi'ral  tosks  in  parallel, 
es[X-‘cially  when  the  tasks  are  in  different  stages 
of  cixploticn.  Tho  oomiiutor's  capability  for 
storage  would  bo  an  asset  in  this  rxjard,  for  the 
system  cxiuld  actually  switch  from  tasks  in  various 
stages  of  solution  as  eittier  relevant  data  wiero 
received  by  tho  system  or  hunvin  "in;;ig!it"  occurrtxl. 
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o Man  if.  limiUxl  in  tii.f  scnsoi-y  anil  txaqnitivn  ability 
to  cli-al  witli  inonniiKj  infoiuvat ion,  unloss  Uto  [ut- 
tom  i.s  rogular  and  prodictaljlo;  nun  has  difficulty 
in  dealing  witli  inultiplo  sensory  inputs,  lliis  is 
an  exainjjlo  whore  an  interactive  st'strm  cx>uld 
buffer  t.he  infoiTution  (i.c. , Iwld  it  in  queue) 
until  nun  could  process  the  i,nfom»tion.  liic  system 
oould  tlius  ccrifx'nsalo  for  the  tendency  of  nun  tf) 
deal  with  infonrution  overload  by  selective 
attintion. 

» Hin  Kis  a finite  channel  cap.icity  which  limits  tha 
amount  of  information  in  a stiitmlus  configuration 
th.it  he  can  deal  with  effectively;  as  task  sti- 
mulus ca.plexity  incrc-ases,  perfonainco  is 
degrarlcd;  reletvmt  nxltuadaniiY  help  alleviate 
tliis  difficulty;  ho.*.^ver,  irrolev.ir.t  task 
roduivJ.incy  1ms  a dLsproix'rti.onato  interference 
factor.  Giv'en  Uio  appropri.ite  guidelines,  nviny  of 
tlicse  typi's  of  probluns  could  l>e  eliminated  by  pre- 
prexx'seing  tlx'  stimulus  inputs.  The  effects  of 
variou;;  1e\'cls  of  tliis  appraich  on  system  ix-rfoniunce 
mid  efficiency  are  not  kncxci  at  puesent. 

■>  Min  roijuiros  fairly  orpileto  iiifomition  on  his  ix-r- 
foinunce  to  mainUiin  or  increase  his  effi^ctivenc-sf,; 
his  CTxTi  exjx'ct.incies  can  e.\ort  a [r»i\'rful  influjiice 
when  ftx'dixick  i.s  i>'i  iodic  during  ci  itic.il  jx'i  iexi.s  of 
skill  aexjuisition;  min  prtxjresses  fioni  a icijuire- 
n»nt.  for  gcner.il  knc'-.-.J ( vlge  of  results  to  a Hex'd 
for  sp'e-ific  bask  fi'edbick.  A sy.slein  eb'dicatexl  to 
inler.act  ive  infein.ul  lean  prexx'ssinq  caauld  lie  piai- 
cjr.uiin'd  tea  .adju '.t.  fi'-elixick  laxjuinri'nts  relat  ivi  to 
the'  le'Vol  of  [x'l  feaniii'ita.'  and  tiis  Icx'.itiean  in  the 
bisk  sexpu  nce  (i.e'.,  in.xn'iioratia  principle's  of 
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oi)i;>pnti.'r-aic1i.vl  iiistxvK.’t  Ion) . 

'llu'  mJiX!  dotcnnini;;(;ic  *h'-  task  onvi wait.-nt,  tJia 
siirijlor  tho  Lask  siUuition  for  (xw-vor,  mm 

can  of ft.-ct  ivily  <kal  with  pixdvilii  I IctLo 

cp.viroa'n-'nts  b<_'Ltcr  tJvin  can  a orputor  alone. 

Thf'  opt-umon  appraicli  to  (vxiplo.x,  unlaJundoi  pto- 
lil('iir:  ajjpi  ars  to  1>>  nuj'./ci.itqxil,cr  siTii'r'jiait. 

Sari-  relatlonjihips  are  nt5re  dil'l'icult  for  nvui  to 
deal  v/itli  Uvm  oLtvrs  (o.r;.,  conjunctive  prebliras 
versus  pixdili jils  hisoi  on  disjunctivi?  ratios)  . Tn 
tlyxiiy  nc)  sucli  diticrcnces  slrould  b<r  present  '.%hon 
nvin  is  intirractinq  wiUi  a ooiiputer  to  strlvt;  such 
prolrhaap  ixKrauso  t!vr  limitations  due  to  liurvsn 
nx'mrry  could  b?  reduced. 

Most  lun\in  brinys  are  very  sun.vptible  to  tire 
influence  of  sot  or  orientation  gonoratod  by  pro- 
blan  pittem,  either  stxiictural  or  te.Tporal;  tliis 
rigidity  can  be  •..•vobxl  by  relatively  few  occjr- 
renccs  of  pvrrticular  cvent.s;  tire  effect  is  rixluard 
by  forgetting,  tlius  s.ugq(^sting  the  hacus  of  tlio 
problom  is  in  nviinry,  probably  short-tcmi  st.ore. 
TIio  cajaabili.ty  of  th.o  cornputer  to  nonitor  Ixdiavior 
pattenis  uuuld  bo  asoful  in  dev’elcpir.g  rules  for 
alerting  the  operator  (i.o.,  "bro.xking  sot"; 
fmother  area  for  study) . 

Mm  appe'ars  in  many  diagnostic  situations  to  be 
a conservative  imfonaition  pnxrestor  in  that  lae 
does  not  use  all  of  t)ie  inforr.'vation  availalrlo  in 
input  diba  and  accordingly  tends  to  acquire  more 
d-ito  tbin  ho  oitlaer  needs  or  can  u;ae  prior  to 
sane  tonriinal  bliavi.or.  Cciqautcr  aids  laavo  laeen 
protxasod  tand  irplam'ntcxl  to  reduce  tlais  human 
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propensity  by  allocating  to  a macl-.ii.e  thoa! 
tasks  in  v-bicli  tlio  nun  is  nore  likely  to  display 
this,  tendency-. 

H-ui's  ;il>ility  to  fonnulate  novel  r>  lationships 
is  rc'fU'Ctod  in  tlic’  fact  that  he  is  tin  c.’ffec- 
tivo  infonitition  processtor  despite  his  cxxjnitiw 
1 inittit  ions;  this  related  to  his  alrility  to 
dt’volop  heuristics  for  infonitition  reduction 
and  conservation,  'liii'  role  of  tlie  loaijutor  in 
tills  rrtjard  v.ould  K'-  as  a vciliicle  for  depicting 
tliesi'  ivlationships  ami  for  p.'ifonuing  tlie 
analysis  noce::sary  for  ovaluition  and  verifiea- 
tio!i. 

Min  has  Ix'cn  found  to  lx""  more  n .sponsive  to  a 
criterion  of  accurat-y  th.Ji  tini  lir.e.is  v.lv.'ii  IxatJi 
are  .systisii  [xartimetcrs.  I'ncYXXiputer  h a:;  the 
c.iixtbi  lit  y to  operate  in  non-ival  tine  (i.e., 
"fast  tiia?"),  tlxiT'by  previdimi  tlie  hiinin  oj.x'ra- 
tor  the  capability  to  cvaliute  nuny  n.ire  alterna- 
tive courses  of  action  witJiin  liiaitivl  tinr? 
constraints  witiiout  sacrificing  his  soarcii  for 
acx'iu-ai-Y. 

Hiiiians  in  d'Xiision  sitiiitions  temi  to  delay  their 
action  .seli'ction  inappropriately;  lid:;  i.s  Ciijo- 
cially  prevalent  wiieii  l!ie  niui  is  at  a relatitx- 
dittidvantiige.  y\iain  i>XTputer-aiditv}  is  a rea.'X)- 
nal’le  nixih-Lnism  for  clvinncl  inq  the  op-ralor's 
tlKiUjlit  prtxaesses  and  ovorcaa.nq  (fiis  tendency 
tcw'ird  inertia  in  iimblon  solving  .md  dixrision 
nuking. 

Mm  tvis  a iv.irly  limitless  ca;>acity  for  variety 
in  his.  l.invior;  this  is  reflectix!  in  hi.s  iniqae 
cajocity  for  inmjvatioii,  originality,  arxl  creati- 


vity;  i.iui  lias  i s[x\-ial  iviimIii  1 i I y in  Uia  iiii-a- 
ij.  •nar.iliion  ai.i>':t,  of  pro'.jli  "i  solvin'],  'iln'  oni- 
j.'U  or  cun  oa'iaiKVi  lliin  privx'n.;,  laii  it  cun  by  rx5 
rt  ■•ii'.'j  diitjl  icato  i t.. 

•>  '’.m  Is  avkncxvU'dijixi  to  !x>  a sujx'i'ior  {vitti'ni 

n-ccxjn  i ■.'.or  osnooially  wiv;'.  I I'.o  LvittviTiS  an'  Ixjtli 
ton-;oral  anil  fiqural  in  cxMilont.  I’nrliior,  tlin 
in‘_or[in.'t_ition  of  [xittorns,  su.'li  as  voico  oau- 
irain ication,  r'-lics  iiiion  mn's  nbiLLty  to  aan- 
Lriliuto  liLs  ociii  o.':[x’fionci,'s  to  the  intoiprotation. 

'llius,  for  Uio  rresont,  nun's  rolo  in  Uiis  najaril 
c'^innot  !>:  dupl  icaUx!  by  n'.ichino  but  can  ix'  eniianooci 
by  providing  virsiblo  tU.splays  cv[Xiljlo  of  conirol- 
linq  ;.vit,tc'rn  clii-inqiis 

5 . 1/  MAClfi \;_.'yVSi  1 '.]S  I \ri . f’iq  1 r.hixcs  a fiftcx'n 

year  histoiy  of  Min-i"  ichino  Cc-nrund  and  Control  Simulation  start inq 
in  tlx?  early  sixtier.  wLUi  a proc;nr;i  in  Tactical  Caiiiund  and  Ci>n- 
taol  decision  aidinq  curriivi  cut  mdoc  contract  witji  Ohio  State 
tiniv'orsity's  Hunvin  Porfoniunco  Contcr.  Ihis  proqrrun  •.%'as  dublxxl 
Of-KX).;  (a  sijiiulated  thri'at  diaqnor.is  systen)  aitd  involved  in  an 
early  version  wl'.ich  Ivad  1 ittlo  feecJjack  loops  Ln  the  S'/^^tcjr.'.vl'.orcas 
tiio  revisu'l  CT'MCPN  included  an  action  sequence  and  feedback  load 
in  addition  to  threat  evaluation  per  so  and  eperated  on  a greatly 
reduced  t int!  base. 

Uhen  the  OSU  prcxji'am  was  temi n.atixl  in  1963,  it  wa.s  decided 
to  develop  an  in-lmuse  iU[>ibilify  in  tlie  /xnros'pace  M.xlical 
Research  I.'.lxiratoiy  for  f-'un-Mjoliino  CcrxAind-Control  Systesns 
Researcli.  'Ihe  Hinivm  Knqini'oring  Systems  Simulator  (HllSS)  was 
aocpjircd  involving  .a;i  TlVl  360— !0  corq^utxtir  graphics  facility. 

Since  in  tlie  OSU  prcK-jravi  '.\'e  investigated  the  mui-ruchine  diagnostic 
.system  Ix'haviur  with  wny  limiting  assvnptions  of  fl.e  :xrn;5or/ 
surveili.inexi  ..'nvironmnL,  it  was  decided  to  dirix.'t  ota'  systems 
simulations  activities  to  the  .surveillance,  and  to  situ  e.xtent. 
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th>!  v;.  lUnvt  ion  runotion;:  ol'  I’Hir  lit  ai'.J  /\h’ACS. 

111.'  i:ujt  iJvai:'.’i  "iol'  our  I !-<.>(»  ■r.itor  o vntrol  :;y.';lt.in 

ju  n't.bx;t>xl  in  onr  I'i  lot<Ni  Vohicli — Hrono  lijnlrrol 

Ku.'i  Illy  Siniul  it  ion. 

Kicj  2 illunl  r.iLo;:  tho  d<'Vol  iii'n'iit.:;  of  our  in-lvxiso  priMrain  in 
Loni'M  of  till'  r.vijor  siiiiul.it  ionu,  t!io  syslxncj  i.t;  v.iri..ldr-.'3 

nunipul.itoti  in  tho  sijiinU.itioiiri  aiid  t'lo  r.njor  op  Tutor  .md  syslun 
p^rfvittivinoo  iriMsuros  taken  (di  pandent  v.iria! d. -s)  . 

'Ilie  I'oi  lix-.’ip.'j  sootioi'!  will,  attk'ipt  to  si,ri..irt/.o  the  r'-'':;eai:ch 
probli’His  .ttrl  scmi  of  tJ'.e  iiwie  si'iiiif io.nnt  fiiidii'.ciu  fian  tlvso 
ajiipl.'x  systt'Ti  .siiiiulation  c.xp'r i/:> -nts. 

Ohio  tttato  tUiiv' 'i  si t.y  O 

Mile  [inx^rani  .it  Ohio  State  University  und.;r  th.o  'lireetion  of 
Dr.  Killi.un  O.  llo',%td  I w.is  di’Siq;'  ^i  to  assess  tlie  u.io  of  ca-^  utcr.s 
to  .lid  a d.'cision  process  of  tho  kind  tiiat  nuy  lx;  found  in  a oom- 
minii-fTintrol  syst.  jn.  'Ilii.s  prwireiii  dealt  c.xelu.si vi'ly  witJi  clLiij- 
nostic  deci.sion  functions  v/ithin  the  c-ontext  of  a .siniulatixl 
intell i.jenco  threat  evalu.'ition  systoin. 

•MUioueh  the  overall  i-;m?stion  w.is  .addrr-ss.  d to  deteminimj  if 
file  c'ortiuter  can  lx'  used  to  as.sist  r.in  .’aide  dc.ci.'-jion.s  in  a 
jealisticdly  car^ilex  oxvivond-contnal  r.i  Lait  ion,  we  wire  ahso 
int.er-'stt.’'.t  in  do tenainimj  what  aspi'ct  of  tlio  d.cision  fujiction 
sliouhl  Iv;  aufciailed  .uid  !x.w  much  can  U-  gainixi  by  autoaitinq  the.so 
funct.ions.  Mliis  is  t-uibriount  to  askinq  Ixmw  tl'.o  txvputor  o.in 
as.sisL  in  tho  systitn  inferonco  prwoss  as  oj/ie.'Xl  to  sirplo  pro- 
docisional  dibi  prtx.''-'ssinc]  (t.ilxilal  ion,  stor.xjc,  etc.). 

'ilio  c;eneral  piiiloroijliy  usxxi  to  rii-vi  lop  tho  simulation  frame- 
work was  not  to  attiu^it  duplic.itin'j  any  existinq  system  how.vor, 
we  did  try  to  siaiulate  hisic  functional  idi.aractoristic  cf  a hiqh 
level  di  i..7nostic  sysiem  (air  rcxxjnn.iissanco)  . Ily  adoptinq  such  .a 
jilliloscphv,  it  sliculd  lx;  lossiblo  to  dotonnine  principlos  which 
MXild  qer.eralixo  across  a braid  spxrtmn  of  such  systems. 

'Hie  simulat.ion  xvhiclo  ixinsisbxl  of  .1  lOCOxluOO  mile  an,va 
calJi'd  an  aqqr<?sror  lorritory  wtiidi  wais  under  survoillanco.  Sijiiu- 
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l.iLol  .irl- ivi  I 11 -ri  inchu!' <1  U oon  niiv  Mi'nl  :^,  V' hioil.ir  luivi  nn  iits, 
I'lc.,  in  Uiin  .ipm.  'Hh-'  inj-iit  t-o  tlio  ::y::b  in  \s.im  tli.'  (Jixxvnnul 
n'o.'un.iisr.ino'  iliLn  nlx-jul.  Un-no  ncLiviLicn.  'nie.-vi  t,i|> >rl:;  wore 
Hn  n by  Uvi  riynUm  in  orU'-r  to  diaijiiono  ,'on<linij  Uiront 

o£  attack. 

'Ilio  block  diaonim  of  tl-.o  n'/fiL'in  is  t’o[Hcb;d  in  Ki (jure-  3.  In 
cjoneral,  the  tlm'O  Int- -1  litjonoo  Staff  officors  (ISO)  attcjn|'t'\l  tta 
di'tcniiir.i-  what  was  present  in  tlva  onvironirn-nt  bascnl  on  the  rocon- 
naisitinco  diti  ami  rouirt  tliis  to  Uio  Ojiiiundimj  Officer  (CO). 

Ttio  00  evaliritod  tliese  re[«rts  to  deLennini’  -.vliat  tlie  (i.ita  no.-nt  In 
terms  of  Uie  aqpt'ossor' s plans,  e.q. , traininq  iiun.eueer?,  iliwr- 
sionary  action?,  etc.  'I'no  systr-m  output  was  a set  of  prolmb- i 1 i ty 
ostijtuti's  that  eacii  of  U'.ose  liyiX3tliesos  was  laaie. 

'Ihi.'  diaijnostic  pnx'O.ss  c;in  be  ccmceive-d  of  as  actiully  oon- 
sistinq  of  t'.%u  processes:  first,  is  seine  estimation  of  tliobaarinq 

that  each  bit  of  diacnxwitic  data  lias  uj-on  tl'.o  states  of  ^xissiblo 
tlireat  (ev  iliution  proci-ss) . It  has  boai  assi.r.xxl  tiiat  man  is 
best  suit.al  to  ;>arfona  the  evaluation  fiuiction  wiiile  tlie  lOirputcr 
should  pirfonii  tlte  aqqnxiation.  By  .so  doinq  man's  sixicial  intui- 
tive skills  can  bo  usoil  for  individutl  daUrn  evaluation  while  tito 
machine's  cauibility  for  rapid  calculation  and  m.-mory  can  lx;  u&.xl 
best  for  combining  data  to  yield  an  overall  diagnosis.  'Ib  accxTu- 
plish  tJiis  latter  function  the  machine  must  be  provided  a mile 
for  determining  lioi-/  Hie  informition  should  bo  corliincxl.  'tile  rulo 
used  in  Lliis  procfr.im  w-as  Bayes  'Ihixarm. 

Ihc  overall  results  of  tliis  prrxjram  are  sumiuri zed  in  Table 
1.  In  geiH'ral  an  imjirovcmont  of  131  in  aarrect  diagnosias  is 
eohiovi-d  witli  autarutixl  over  eoi-plete  muiuil  estimation.  Tiio 
greatest  advantages  of  eenputer-aided  ixjlutions  seem  to  occur 
wiien  tJx^re  is  dot jr^'f^'-’d  ininit;  data  dui  to  lo.v  fidelity  of  scaisors  or 
stressful  situations  due  to  the  infomvation  load  geiieratc-d  by  die 
■ ir.xaunt  of  data  to  be  proces;>;d.  (See  Fig  4) 

One  ix-amm  that  tin;  cerpiiter  aids  the  man  under  tlxaso  situa- 
tions is  that  it  considors  all  of  the  information  no  matter  liow 
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IN  MOST  CASES.  THE  SCORE  REFERS  TO  PERCENT  CORRECT  DECISIONS  AVERAGED  CVE.R 
THE  ENTIRE  RANRE  RE  CnNniTIPNR 


FIG 


li'''!!'.  kI( i u!i  lu:'.  '''nil:;  lo  ii|r.ni>'  .ill.  but  I hi’  liiqli.’iil.  tiuilily 

iiifi'i  1.1  It  u.m,  ..'uiothi'i-  Si'-ris  to  b-  lliul'  nun  i.'i  nup'  i.xin- 

.■v  tv.it  ivi'  tliin  till'  il.il.i  .k’l.uil  ly  ju;:t,iCy.  It  .ijvun,  Ik.-vin.'i  r, 
th.it  .ml' )i 'ct  u u.in  irprovu  in  tJii'.'ii'  n'l'in'cl  :i  with  "i  f.iiiiinij  in  Ihi' 
K>:ii'  i.'f  .111  .i.iiii-UMt  ii'ti  piix-piun-  (h lyoui .'.n  U-’dinicju')  . Anil  tli.-y 
!k’i ijit  tu  ill)  i.itluT  w.’l  1 if  not  iinil’r  .1  ijn-it  ckul.  of  ttrc’ss. 

I'v'iili  f'uvi'i  I I ini'i'  .m  i '.'.'iMp'n:;  Dip-i-tion  Si.vulnt  ioti 

V.’ith  til.'  .ii\pi;iLt  ion  of  lh.ii  llu'un  liiqinii-i  iti.i  .SysUTii; 

Str.n'i.it  op  (Ul.’in)  in  /li'til  of  ,it  Uiat  tLn»‘  .i  (vji'puti’r  iirnnliicH 

nyuii'r.i  (UVl  with  four  lo'l  ihh'O  cirnphiot  fiocu”;;)  naw  ui.’.'-itoi 

til  all  1!,'*.  W'iU.  hl’K  byto  Cl  U,  Uio  I'nrly  ct'i  iiutvi/oontml 

■..tv’ii.'t  ioiv.i  '.vi'i'i'  .iililri'iisixi  to  tiiitvi 'il  Inncx'  nn 'nli.tu.  Siiii'O  thj 
Obi!  mi  oi'';.!i.i;;l7.i'..i  tho  corir'.iiHl  liociiii.on  fiu’.ol ions,  w.i  tii  <1 

h’iifily  r.b:;i  iMi.-tcKl  and  iiviUn 'tvit  ic.il  r. ’pp'senbition  of  Uie  tiireat 
i-nvi ron;.i  nt.  it  v.-.r;  d.'cidi’d  to  ixiiciintriito  on  th.'  ni-nnor-i'iirv' ‘i l- 
Innoo  I'ln!  of  tho  uysUri  of  our  in-houso  piojrnin. 

T.b'Iw'  III  /Vtivo  Traok inij  btudion 

Kirly  uinvutationH  foc’j.sixi  on  the  noLivo  traokinq  funct  ion 
for  a ili'.jilaliivd  raiLir  uonroi'  syutojn.  Subjoot.-oi>'r.ilor;;  ohscrvi,\i 
■a  ca'i-iitcr  display  unit,  .sinulntinq  radar  i.duttor  .md  raiiir  triiln 
of  aircraft  of  difforiuq  n'nct.rat.it.q  vi dix-i  tio.s  (I'iOK  and  'iOOlO  . 
Kadar  infiniiution  wan  .stonxi,  C',clo  !v  cyoh..',  uii  to  a limit  of 
3,  5,  7 or  9 twojity  .scrxiiid  c^’clcs  tind  tlion  proui'utod  .sixiuontiall.y 
rapidly  onouyli  to  qiva  .ip’ixiront  [xarcoptua I mown,  nt  in  H,.’  track/ 
Uviil.s.  Sul’ji’Ct/oix’ralon;  initiat.xi  traerku  on  tlia  nircraft  and 
rxjnt.rolJixl  (iiiputer  prrxtonsing  by  light  £x'ii  and  koyl oird  actions. 
Since  only  jortions  of  th.o  total  PUIC  111  .nctiv-.i  tuMckinq  function 
could  1>!  sir.  .11  In  ted  on  tho  HKt'S,  otlun'  actual  ta.sks  wore  siniulalixl 
by  a .stiirhar.tic  conii.'Ut'  r i'.xaI.-I  (Suxjc’l  .ind  Ikjlf,  lOGl).  'Ilio 
Siixjcl-hult-  r.ixlol  In  a ix-mjiUor  {iroiram  for  qenoratiiiij  a s.un[ilc 
tinu  for  1 task  by  a Minte  Carlo  nxahx.i.  V.hon  tank  ixjiiitrx’nt  is 
in  tiio  planninq  stage,  l»'inq  dcvolo[>'<l  or  not  j'hyr.i.xiUy  pre.si’iit, 
ti'.o  Sii'l'l-Wxif  mixiel  cut  gi'noratc  realistic  task  time.;  on  tlvit 
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t'iq  S r.hcT.s’j;  tho  findiii^rf  of  Ihir.  sumilntion.  lloto 
fh.it  prohvnbility  to  detect  rar.  less  ond  <tveiMC|e  tiiii.?  to  iiiitiaLe 
tr.icks  w.is  lonij.-r  for  Ui.'  slot-.vr  oircnift.  Jt  .ippt'arc'd  lh..t  there 
w IS  littU’  iidvantiicjo  to  l\ive  tore  Uviii  sevea  returns  ;*.'r  trail  in 
iJie  track,  both  in  teiT.'.s  of  tiim's  to  initiate  and  probibility  of 
d.'tection.  IVo  sigtii f icajit  foints  si'em  to  d 'rivi-  frtsn  tliis  ellort; 
first,  usincj  ixHli  c'on^iuter  sir.wlat ion  of  tar.ks  vi.’liicii  cx'uld  not  Lx- 
physically  sirailatixi  in  srxju-jitial  cxjabinal  ion  wiUi  physical 
real-tint'  simulation  tint  sicnificant  t'eiisor  system  effei-ts  on 
oixi'rator  ivrfonTunce  could  Iv'  d-'nvinst rated  .'Lid  :;econdly,  such  a 
sir.iulation  approacti  ctm  piaivide  tite  tr.id'C-off  d.ita  for  diAtidin.i 
ntich  oxi^niler  proec'ssina/stora.ie  is  lavtaircd  to  optimi/e 
ojx'rator  siaxt-i ll/mce  detection  [xTfoiTunce. 

'AJ'CAQl  Suix'e i 1 1 ai Stuiiies 

Korly  in  1970  tiic  /'lirlxirne  W.irnijiy  <md  Control  Syntim 

r>yntejn  Vroject  Offia-  (STO)  nxiuestixl  tfiat  /V-'.itl.  i l iXer.t i qa to 
surwi  ll;uio?  oix'rators  ability  to  cl.’toct  and  initiati-  1 1 ack.s  on 
targets  with  v.iryinq  d.'crops  of  cjn'in'.d  ar.J  r. -a  clutter.  A sm'it-s 
of  si.nr.iliition  studios  was  inittated  to  invest iq-ate  v.irious  r.onror 
and  radir  filtering  design  i.ssui.’.s.  I’ig  fi  .s!«ws  soni?  early  results 
from  these  stirUcs  on  <ui  0|v'rator'fi  probability  of  correct  t r.iek 
initiation  as  a function  of  the  numbar  of  tr.icks  he  had  to  luiin- 
tain  throngliout  a fifty  mi.’iuti.'  mission.  It  can  lx-  s<cen  tliat  under 
v.i.’yitKj  clutter  density  levels  and  V'aryinu  t.tryet  intnxiuct  ion 
r.iles  into  a 7‘r-:7!j  n.iut  ic.il  mile  surx'ei  1 l.ince  son'.'  th.it  tJia  more 
t.'irgets  the  op-rator  h.id  ta  .'..lintain  tr.ick  on,  tin.'  gje.iter  the 
probibility  of  initiat.ing  lu'.v  laniet.s  intorinq  thi'  ttme.  Also 
I Jg  7 .sIkv.s  rcH'i'  results  of  t'vasi'  .s,i;a'  sLuiiies.  ProUibility  of 
cvirrect  initiation,  of  p'netrator  t<irj'ts  is  plottcvi  as  <a  function 
of  t.iraet  intnxiuct  ion  ivte  .ind  clutter  den.sity.  Koto  tlvil  in  the 
v.'irst  c.iso  cMn.lition,  when  |«-netrators  are  enterin.g  the  r.urx’eil- 
huve  roiKa  at  four  jxr  minute  .\nd  clutter  density  is  f.iirly  high, 
tli.it  one  out  tif  |en  of  etmiT/  att.ickers  will  p.'ietr.iti-  out  sutveil- 
l.ince  ■/oil!'  un.l.  ti'ctixl. 
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AWACS  DATA  - probability  of  correct  track  initiation  as  a function 

OF  NUMBER  OF  TRACKS  MAINTAINED  FOR  TWO  MISSION  CONDITIONS 
(INTRODUCTION  RATE  = 4.  CLUHER  DENSITY  = 0.16  AND  0.32). 
MISSION  TIME  COVERED  = 60  MIN.  NUMBER  OF  SUBJECTS  = 6. 
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In  eitWi.t;io:i  to  t!io  qiu'ot  ions  froii  tho  SIO,  on  Uio  ability  of 
a sinqlc  OiK-rato!'  to  d-tfot  an.i  i.nitiato  Lar.jots  in  hiqli  land/sca 
civil  tar  conditions,  v.r>  wore  cx'iiccniod  with  the  jxassible  ndvivntagcs 
in  addinq  adviitional  oi>'ralor;;  to  ntvnitoi:  the  s.Tino  surwi  1 lance 
are.t.  I’iq  8 illnr.tral<d  several  [xaints  frail  the  r.iulti-ororator 
studies.  First,  twv)  measures  of  p'rfor.iuncv  wore  taken  in  the 
simulations — an  <l>'r;Ura'  ix'rfoinunce  mvi.sure,  m:ian  first  qocvl 
initial  tii:x“  (MftlTT)  or  tlv’  average  tirv  it.  takes  tJie  operators  to 
initiate  targets  and  an  overall  qcxxi  tracking  .score  (CD,  v.hich 
is  a systtnv;  rvasiu'c  ojntaijiing  Ixith  op -rat  or  pt-rfoiTiuuce  and 
ccm;)Uti  r tracking  tx'rfonr.mco.  HotJi  of  Utesc  mea.sures  were  plotted 
an  a function  of  niiiiix'r  of  opirators  1-3  ;uvl  a radar  systein  piia- 
r.yter,  protoU'i  1 ily  of  tmek  failure  (iKhV)  . It  should  be  evide.nt 
t.hat  ttie  syntaiis  denianC'r  and/or  c- viain.l'r  r.iigtit  reach  two 
entirely  dilfeient.  o mol u.. ions  atxiut  v.'iicther  or  not  to  r.,il- 

tiple  operators  survey  t!K>  itun'  area  as  a funstion  of  r idar 
p 'I'fonuinc' • (i.e.  protxilii  1 it  ic  s of  1 1 ack  failure).  'Hvre  is 
little  adv.intage  to  adding  addit  ional  operators  if  ovemilV  ejoxi 
tr.icking  is  of  i rinury  cxjiiceni.  but  significant  alvant.tgc  it 
identifyiivi  and  initiating  I r.ick.;  u>pei,itor  nxw.ure)  if.  of  I'riraiiy 
erin'X’ni.  Ikirtlur  thi'  eic.x'nse;;  involved  in  inproviiri  radar  trick 
f.iilure  (s.ensoi  piraii*  I er)  only  h.is  its  effect  on  overall  g.xid 
tr.icking.  'the  isr.ue  of  docidiiKi  to  ii.si'  only  an  ojx'iatc  r r>  a.-.ure 
or  a sy..tejti  nfasure  riufit  !xi  n.xif't  iatrd  ! ymeen  IJie  system  d.-.siguers, 
Kxn  r.iiuKien;  (F.iM)  and  t he'  op  Tat  ion.ii  usiiv!  vxTtr.ind. 

'AW/Va  tveaixins  Direction  himu!  it  ion 

A iv.tural  fed  Ifxv’-on  to  th  • survei  1 l.ince  f-ttviy  effoM  w is  to 
(1)  fiitain  dita  en  W's  ipins.  contiollcr  (<'rfoniunce  in  a fiinuhit  eii 
w i;.<  v,v.  v.vin  1.’.- ,11 -nt  si  mil  at  ion  and  (3)  oiinvu'e  altemitive  la  I lals 
foi  laxliating  infiiMait  ion  inputs  to  a conjiutei  via  an  asfX’i. datcxl 
I'KT  display  of  .lircr.ift  status  int'onv.iLiun  Das  \1  on  digital  i.x\i 
i.;d;r  n-tuins. 

T.ie  i>l  iiK’i)  le  exi  • 1 ija '111,1 1 val  i.ible  inV'.'S.t  ii|at' d was  tlie 
ri  li.  vl  of  ukI ii'.it  iivj  p lint:!  on  the  Oh'  dif.play  intertaa'  vdinh 
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DtXiijlLxl  trcinr.forral  of  tlata  lolw.vJi  t.tio  ojx'i  .itor- control  ]<r  aiij  i 

ccrputor  systcni.  'Riroo  ntL-thod.-'j  were  invest iyatf<l;  (1)  a hand-  ’ 

held  i"'n  with  optics  li:i>;  to  the  ootTimtcr  s.yf.Um,  [?.)  a i 

track  Ixill  cursor  c\)ntir>ller,  and  (.1)  a force  st  ick  cnir.sor  i-on-  j 

1 

troll er.  I 

I 

'Iho  tar.k  used  in  the  sii.iulalion  ro-juited  tl>?  w^aixins  con-  j 

trolU'rs-operator  to  direct  irp  to  10  friendly  interceptors  anainsl  f 

attricks  by  cncin^’  Ixidv-rs.  rive  of  tlii.‘  fiphters  wi  ie  in  the  air  | 

as  the  sijnulation  beejan.  ilicli  Itid  an  airsi«'''d  of  000  knots  <ind  an  j 

altiUrle  of  10,000  fi'et.  llie  en  sry  Ixrr'lx-'rs  entered  f>  xn  tlie  went  } 

side  of  a 200  x 200  mile  area  and  v.vre  distril'iiled  land.xnly  alo:i<i  j 

the  200  mile  lx>undary  u;x)n  entjv  and  travelel  in  a generally  j 

easterly  diixx’t  ion  txxward  a tod)  lehvise  line  (Rit!,)  v.liie!i  Sixi'ined  j 

th^  displ.iy  ft-om  top  to  Ixittan  (north  to  s-ontJi)  at  a tx)int  I8'i  I 

niles  c-ast  of  their  entry  [joints.  IDilst/  IxsrOiers  enteitel  with  lui  ' 

t 

air[)S<-i\l  of  500  iu.ots  and  arr  altitudes  of  40,000  f«xt  . | 

liX'  control lor-r;.xTat,or'n  prijmty  task  was  to  direct  t.hc  [ 

ficjhters  to  interevpt  and  "kill"  ttie  attacki.ng  brvluis  ar.  far  frtxn  j 

the  HKh  as  [xassibli-.  In  addition  to  the  exi'erin  ntal  v..i  ia!>li.'S  of  1 

1 iy!it-j>.'n,  track-ball  and  forci’  slick  nn'tlxxls  of  int  erax-t  ion,  a ' 

stsond  o'.ix'rint'ntal  vtiri.Utle  of  "load"  was  rnniijjlatid.  'Jlinx.'  | 

levels  wme  invest  iyatixj.  'live  fiist  load  condition  was  cirirac- 
teri/.ixl  l)i’  an  at  tack  involvip  i a si.njle  wave''  of  li'  Ixalx-rn. 

Under  llic  SKond  Itxid  c\':i:iit  ion,  2 waves  of  20  bcrlx  rs  at  lackeci  ; 

wi  til  aiprcxxirutely  6 l/'2  ninnies  e]a[>suiy  Ixetv.ix’n  waves.  Ixxnl 
tlinv  was  a single  wave  of  40  lrisi»  rs  all  c'nterinn  tlx.'-  ditiplay  ’ 

area  within  the  lirst  3 tninulos  of  tlv'  session. 

'Jlv.'  [xarfommce  m asurcs  inctliid-xl:  nu'ior  of  kill.s,  avinayc' 

disbince  frciti  RKb  at  kill,  fiyhtet.s  d'y^Ti  for  lack  of  fuel,  fu-1 
utitxl  and  iiimlxT  of  oix  rator  actions. 

Ihijs  9 and  10  slxxv  t !ic>  0j.5x1r.it  ix’i'  cff.ecfs  of  the  thnx' 
mjxfe':  of  intcractin  J wl  l.h  t.he  cxrfxit cr  yeiierat.xi  di'  til.iy  as  .1 
function  of  load  condition,  liate  tlvil  Ixalh  in  ti'niii  of  e\x  ray.' 
distance  frcr.i  liKI,  at  "kill"  and  th.'  fuel  used,  th.it  tdio  light  [x'u 
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figure  7 AveucE  Dista/ce  frcm  ERL  /■(  "i^nL'' 

Fes  CCf<TKOL  i*'C0E  AM)  Lcvu), 
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wi.':  !uij>'ri’'r  to  ti .i!k1  foro' 
til'’  r4.UK!'.!.'!  .ii-co:;;;  ttiiiiri-'  of  i!ic>  li'jlit'  i; 
foiTviiKI  ‘t  !v '•!( '>nj  (.loiiti't^l  t'.i.'tk.  It  is  olso 
U'..!t,  Uii_-  .(I'd  l/-!0  lo.iJ  -osUit  i(X!.;  VA'i'.' 


s;:i^ 'rioi;  tor  m r- 
int'  ri’  it  ii'T  to  r.ol'’ 
ai ; 'toxiisit  i' ly  jii 


ixi'Kil  v;nrt;UMd  for  tiio  c.xr.'i-it.roUcrs. 

•Itl'V  DiX’iv.’  Cc.ntrol  Uit  i if’trii'Val  .SliKiio.'! 

Cur  mist  .Uv.uKv'l  siui  iiicihly  ovol'''\i  >fiii-itu-!iini’  Sysbjn 
IJiniulaticti  is  rc 'prosont' -vl  ! our  in-hous"  tii  ti  s t.o  ;iiii7i'.»’r  koy 
cpi'K'tions  ot.» 'r.ibir/.iyst < m tosi  LtJi  '\inibii  itii'S  for  a 

si.';:oti.'ly  Pile'."!!  V..-lual.-'  (IdV)  Dioiio  Co:it'iol  ami  IXit.i  It0tricv.1l 
Sy.stc.u.  Ijiiti.ll  conconis  ol  tile  WA'  llyst  vin  l’ro>jrun  Off  ico  (GtO) 
at  /Vron.iuLir il  .'ty.staas  Division  .'entered  arovuid  iss'.u;s  dealing 
witli  U\'  luid.or  of  1-1'Vs  .1:1  t'i> ’rater  or  t.  Min  of  cpi'r.i'orr.  cxjuld 
cxi.nti'ol  to  [A'rfotni  stri.kc,  oloctmnic  w.irf.ire,  and  L‘L’cxinnaiss.incc 


missiotis. 

Fig  11  depicts  Hk-  rujor  cUrunts  of  the  niilti-opcr.itor  J?PV 
si-Tiulation.  It  i.'ontsiins  five  nvijor  systetn  ccrgxinent  structures. 

.^t  t!ie  a.ntor  of  the  systen  is  the  Htr.'.nn  l-'nqincering  Systurs 
Sim.i.lator  illKS.s)  ■.•.■iiich  pixivides  all.  of  the  n-ajor  wr.im’t.ric  con- 
tj.ul,  /I/O  a:.d  D/'/\  conviTsion,  graphics  display  anti  terninal  pilot 
■station  conttnl.  'Hi'’  otiier  ccr^xinont.s  includ'’  tlio  nvijor  system 
[>ir..unctors:  up  to  35  KIAfs,  re«idaig  Vi'docity  and  .nltittKle,  3 d'lLa. 

liaks,  .svibsy.ste;n  faiiure.s,  3 navigati0n.1l  .s>-ster’s  and  fuel  con- 
sunjition;  ■!  midcourso  oixiritors  wiio  p.”Ovid'>3  navig.ition.il  ivitchcs, 
phase  transition,  fuel  iivin.nqcmcnt  and  r.iinxinded  to  Pl-'V  .sul/systejn 
failures;  a terrain  itodel  v.-iiich  hait  clor>.d  loc.p  TV  e.uaar a cn.-itrol 
nvaltiplo  strike  t.irqets  .and  different  vidixa  data  links;  .and 
fijially  t!io  terninal  strike  ofxirator  \v1io  fl.-w  tin;  birds  to  th.Q 


target. 

Riisuit.s  from  a scries  of  sijmilations  in  vdiich  sy-sIcTii  para- 
mitors  were  v. tried  over  the  conditions  of  interest  to  the  Sro 
indicatixl  t.h.it  operators  could  control  ip  to  four  RPi’s  sir.iulta- 
luxxisly  o-nd  still  meet  tlie  i-avi.gational  cross  track  error  limits 
and  still  hand  off  to  a teniiin.il  op’ra'nr  tit  tJie  de.sigi'iati d '.Jay 
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piint;;.  Hiv.’i  v.'r,  < •Jisi  j'  r'foTTiM'.  >.■  ci'iiM  !«•  cnli.iiuixi  ly 

pnjvidincj  ^uitu'ul  ir  hi'  uiin'i  c\)rn.-cl.  iui  .inJ  i rt  ,m.s  fc'r 
Ui'V  [X5S  i t ion  1 1 'I  < Tl 

'IV),  in  iMit,  voril./  1 tv  .ni^iov.  ii  in  tl„-  i •v.iior  (n) 

in-tl)o-lof'p  I'l  1 1-t- i;:> ' ;'.i;niilnl  ion  nn.i  to  i' V n!,l  i;:li  roririo.,1  ion  of 
out"  Min-.M.i(.-!iine  O')-;)!)!  ■ ‘i-  ;;ijr,l.it  ion  m't  hnV'>l<’> ly  ntid  1 ii.,-|nnc;o;  ,i 
dArf,"!'  (fiynLuiDJ  ;'\nn  1 y s i IntiMt.ito.i  I'k  of  iivt  'l  and 

;-,i :nil' — f' 'iin  i:i,ii1  at  ion  w.i;;  .V  wlorxxi  for  t!v  KIV  nynbin. 

f-’iqn  1.?  and  ] i ttu'  KiA'  l.lic:iit  [x-rforrunoi • iiio.inuri-’;; 

ar.d  ftio  1')  op  tutor  cx)nt  roL  |«.  rfcr.n\nO''  ?.•  u.  ui  on  ror.pof  ivoVy 
(iiat  w-ro  iDoanuicxi  in  ll'.i’  loal-liiii'  niinul  il  ion.  'Ihor.'' 
n>'a:iuj'o;;  '.anu  tiri.x!  for  SAlA'i'  l ;>n\!iot  ion;: . 'n;o  ;■  in>!ol 

v)l  idat  ion/vorificaf  ion  rornlt.s  nio  dinplayv!  in  Ki<(  ]■!.  ri-'to 
fiiit  in  all  ca;;o<3  liio  roal-fir»'  RTV  ;:ir.in!a'  ion  vain,-.;  for  .i  qivon 
Li'a::\  of  op’r’.forn  over  imtt.ipU'  rainnions  fall  within  f'lo  O'j'i 
ca;iriridonco  1 imi  L;;  of  the  SAllCl'  rix'.ol  p!^^ii^’t.ionn  tc>r  Uta  ft  iqtit 
tx'r.t.oir’.inoo  !t> 'aruro;:  and  Unt  op'ralor  o>nla;ol  rxua'ui'os. 

By  imildinq  a BATOT  cmijiut'.’r  si.n’.ulal  ion  nrxiol  of  .such  a I'onplox 
railLi  parruudor  and  niiilti-Cixrafor  systrsn  w\_'  ware  able  fo  anrovor 
real!')  (k'foct.-:  in  tfie  initial  D'al-tix.v;  uijmalation.  Fin  15  ;.;l'.otvs 
tJio  intorcictiV')  proco;:s  bdwtx-n  physical  n'al-tiirK’  sirRilation  and 
coruyutor  nxxiflin<!  in  pseudo  tiuvi.  Both  tl\e.  sysUm  expn'ijixcnts 
anti  the  ;:y;;fe.'n..:  do.sigix.'r  can  u:;o  and  bCTiefit  from  such  an  i'lter- 
ac  t ive  process . 

d . . fn  reviewinq  the  fifteen  year  liistory  of  Mui- 

Miciiine  s imulat i<3ti  in  tiie  Air  Force  we  might  cx>ncludo  tliat 
f'lx-n  tfie  .sons(.'d  oitcxiy  tactical  cnvironnxait  Uirougli  the  systan 
t<3  tile  Conirunder  or  CmiiurKi  autfiority  tJiat  llio  problems  Call 
into  three  naijor  areas:  real-tiiiie  rexjuirem -nts  of  Uio  .st'nscti 

ei'.vironmont;  hlte  throat  detection  process  and  tlie  threat  asness- 
rX'iit  and  ccrr.und  division  niiku'ig. 

Rea  1 -Ifime  Fixiu j n invnt  -■  Hie  operational  prohl'n  rests  with 
tiv  ability  to  qitiiaise  the  iryvle  tinxts  bctwo.n  tlie  sonstxl  datai 
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RPV  FLIGHT  PERFORMANCE  MEASURES 
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iVlcn/Mac^iino  Systems  Effectiveness  Research 


ill  the  enviiTi.’iiix'nt.  and  Uie  0[x'j\itoi  '£;/cxiniiU!idi'r'n  ability 

to  gain  ai'i.vns  to  tliin  infonuition  in  an  interact  i\i’  bishion. 

'Ihe  roiv  sonsid  data  mint  l>  • protx'ssix!  and  tr.insform \i  intjO 
nivible  infoiiikition  (e.cj.,  track  liistory  for  r.urv'.-il lance  ojx'ra- 
tor.s  or  intorci-ptor  avai  bilu  1 i t y/capabi  li  ty  for  v.v  a; ions  directors) 
barnully,  it  is  assunrd  Uiat  the  U'st  design  is  on  ' v.'hicli  mini- 
mizes accx'ss  and  cycle  tir>'.  ICvideixi;  fixrn  simulations  and 
oparat tonal  cnvirunrents  suggest  tliat  (.yclo  times  less  titan  2-5 
ix'conds  for  nouiul  digitaliz/d  radir  siun/ei  1 l;uico  Uack  loads  ate 
useless  cximputcr  capacity.  Ttio  orjx'nse  in  nrtlizing  tir.ese  liigh 
coi:putcr  sixa'd:;  miy  not,  U.-  warranted  in  terms  of  syst.om.-.  effec- 
tiveness criteria  such  as  pmUibility  of  d''tectia’i  I'q. 

'Jlireat  IV'i  t'<-t ion:  'ni.,'  Oi»,Tat 'onal  [,'robUin  in  that  Uio 

probability  of  d’.'U-ct ion  is  less  Uian  1.00,  I'^j  -^l.OO.  'ihe  causa- 
tive factor.'!  are  to  lx'  found  in  h nalwate  (o.g.,  radat  'tensing 
CiijMliil  ity,  ( a pater  capieity  and  sp-ed,  etc.)  it;  lai.ti'i  oprators 
(e.g.,  p'rceptu.il  discrimi nal  ion  between  clutter  and  bargets, 
ability  to  handle  high  target  inti cxiuct ion  rates,  etc.)  and  ;x)ft- 
wai'C  (e.g.,  radar  filtering  algoritlrat,  radar  correlafion.il 
algoritlm;,  etc.),  lock  of  d it.u  in  tliestt  thrix?  tire-is  and  their 
intcr.icLions  make  it  imjxxtsible  to  spcify  opt.iitul  system  desicm 
ptram'ters. 

'threat  'si'iit'nt  and  !x\?Js ioti  ■’'likitig:  'Jtxiiy  full 

advanl.^ge  of  caijjuteri  zed  decision  aid.s  is  not  iigilei’i 'nt  ixl  in 
cntanind  and  control  syr.ttjii".  althoujh  llwy  an*  iti  l.■^b^:tiv^t  use 
in  tl'.e  ititi'l  1 i([enci.'  cat-ijiii  1 y.  'iti  astwt  t tJiat  mtximini  if  x-iston 
cffivct  ivert-.'ft.q  is  not  I'eittg  .ichiov'-d  in  .idvanoxl  t'^  .systuns, 
iitpl  ier.  tliat  a inutitital  ive  t.tUier  than  a qualitative  nl.inJard 
of  p'lfoiruttae  ca'i  Lx'  ck v'l  lojxvl.  Sn.rh  a nta’idird  his  Ixt.n  d'-A— 
lo;x'd  bi'xxl  on  I'tyes  nt'oreiit,  irgilicit  in  wiiidt  ean;>uter 
insi.sf.inct'  t'x'liniijU'S  are  avaiJalde  (e.g.,  Uie  cxaiput  er  Ciiii  p'l- 
lotmcerl.iin  ixmptil at  ions,  in  Uiis  case,  ilit.i  aggnajal  ions  to 
iribtfO' in  tJia  eoaiuiulei  in  n.inimiztng  tlie  U'.o-rtainty  of  tlw'  ilit.i 


.iviil.i'.ili’  to  !iiin  on  Ui''  <!•.  I'l  sinn  ,il  t ■ •itm!.  iv(  . 


|(  I III  il.,  I'l'ixir.ili  imi.l  Iliiviti  l>. 

SAK.-j'  Siniil.il  lull  t)f  ,1  1^  y Pilot''  ! Vi'lii'.'li /ni'ono  , 

bjy=  AMRL-TR-75-119,  June  1976.  [AD  A-029944] 

|2|  Iln-.''ll,  Wilti.i:;i  C.  iV-n  Prinoinli-n  tor  the  P.  ■I'-iti  of 

It  oinit^p.  Sygi  ov:-.;  A Povi'-.v  o'"  Six  Yoor^iO  H ■ ..  . u ■ 'h  on  .i 
C‘i  i!!:iunil-('o;i'.  tol  P'^.slj  i:i  Si:mil..',  ion,  /A'.Al,  'i'R-i' 7 - 1 .Ji>,  S'  '1'' T, 

1976.  [AD  G65469] 

111  .’''.irt  iti,  W.iNiio  I,,  i-Min  ;V..'.VS  S ir'.u ! ,J  ii^i: 

Sti::tnir\'  of  Pj  -".l;'-,.  isivvi  .A’-'.AI,  lY;' j in. -i  ii  jr  ri'ixtrt. 

I'll  Mill:;,  PL'lx’ft  (.1.  ; P.icliort  , rt  P.  .’.’'.d  Air.i' , Mib;  i M. 

S^)ploini  nliAiA'  R'j/ort  of  PiA'  S'/st  ar'.  Sinul.Tfif'n  St.U'.!'/  II: 

IVoliut  lun  of  RPV  I\)xition  !.i'trirt  Suvotliiny  .md  Autrr.ific 
II.',uUn.|  Corov-tiop,,  ■ni-79-87,  .S.  utcr'ixr  1975.  [AD  A-017334] 

|5|  .'lilb:,  lii'-rt  C.  and  Ifiuor.  Ait\-raft  ’IVaok  Ini  tin  tie::  and 
Mbp.b'rvinO''’  ni  a Si’''.t!l"-'.\x'r.TtOf  Sli ml  .itrxi  Sa; ’.i^i  1 l.ml.'^t 
.Syst  m:  'D\-hnio.il  tn-t  I,  AHRL-TR-70-103 , Jul  1971.  [AD  730609] 

|6  1 Mills,  Rlxjrt;  G.  and  Baixu',  Mi . .!'.a''l  A.  Aircraft  Tf.i'’k 


Ini!  i.it  ton  .'md.  .‘■'■li.'r'.xiano'  in  a Single-Otorator  .Sipr.latod 
Sur'.-  i llancv  Syst  ri:  'r'..ciLilc.tl  Ri  jX'it  II,  .V-'!<1.  ':'U-7l-76, 


tVflvr,  1971.  [AD  741902] 


|7]  Po.irson,  V;ibl;a.:nH.  Tinx-!  S iin'ilation  of  aji  Air  S it  .-"11  l.n-.ot 
V.’ith  Vai^iy  A.-.riiii'.t:;  of  P/idar  rnfttrT.ition,  /x'jll, 
ui'pu!ili.ih'.?d  Friqi iv'orincj  ro[.xirt. 


|61  Pc.irr.on,  V,'illl.ii;i  H.  .ind  fra', -.'ford,  Billy  M.  Ajcln  to  M.in- 

Corq-Litor  Inter, i.~t.ion  .in  Ccyiitind-Cont.i'pl  .Syst.cir.n : 'IVack 

Ivill  VS  Poroo  tU. 'lok  ,ind  I.iqht  Pi'n  - unpiiilishwi  AIHID 
Iiirj;n<,:orintj  liixirt.  Do'.x5!i)Tor  1972. 


